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EXPERIMENTAL STUDIES ON DISTURBANCE OF SPERMATOGENESIS
II EFFECT OF CADMIUM-SALT ON TESTICLE IN RATS
Kazuyoshi Erisuta

From the Department of Urology, chulty of Medicine, Kyoto University
(Director : Prof. T. Inada, M. D)

Parizek (1957) demonstrated marked destructive changes of testicle in rats following
subcutaneous injection of small doses of Cd-salt. The weight of testicle markedly decreased
as well as decrease in weight of adnexal organs. Furthermore he observed that the des-
tructive effect of Cd-salt to testiqle is prevented by simultaneous administration of Zn-salt.
He suggested a competive inhibition between Cd- and Zn-salts on testicle.

Experimental studies were designed with the relation to above results to observe : (1)
whether or not the weight-decreasing effect of Cd-salt is towarded to only testicle (and adnexal
organs), (2) how the administered Cd-salt is concentrated in the testicle and how the concent-
ration of Cd-salt is altered by administration of Zn-salt.

Experiment 1: According to the original method of Parizek, 0.004 Mol CdCl; solution (1 ml
containes 0.45mg Cd) and/or0.4><-é—Mol Zn-acetate solution were given subctaneously to rats,
weighed 120~180gm. In 2, 4 and 6 weeks, such organs as testicle, epididymis, prostate,
seminal vesicle, adrenal gland, pituitary gland, thymus, kidney, liver, spleen and heart were
extirpated and weighed to calculate the organ weight per 100gm of body weight. With admini-
stration of Cd-salt (Iml per 100gm body weight), marked decrease in weight of testicle and
adnexal organs and increase in weight of adrenal gland were observed in 2 weeks. In 4
weeks, increase in weight of pituitary gland decrease in weight of kidney were seen in addition
to the above changes. These changes were prevented by administration of Zn-salt (3ml per
100gm body weight) except for adrenal gland which remained to be heavier. In 6 weeks,
increase in weight of thymus was dem\onstrated in addition to the changes observed in 4 weeks.
Namely the decrease i'n‘weight of testicle, prostate, seminal vesicle, epididymis and kidney
and the increase in weight of adrenal gland, pituitary gland and thymus were statistically
significant. These patterns were similarly observed in castrated group and castrated plus
Cd-salt administered group.

Experiment 2 : As same as the experiment 1, Cd-salt and Zn-salt were given to rats. In
addition, 1ml of 1#5mCd (NO;). solution (100zc/ml) (obtained from Radiochemical Cenire and
diluted with distillted water) (containing 0.096 mg Cd) was injected subcutaneously to each rat.
In 18 and 90 hours, the rats were exsanguinated and extirpated such organs as testicle, epi-
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didymis, prostate, seminal vesicle, adrenal gland, thymus, liver, kidney, lung, spleen, heart,
pancreas and small intestine. Following measurement of wet weight, a part or total of each
organ was homogenized and its radioactivity was determined with Well-type scintillation
spectrometer. Content of 15mCd in different organs was found as follows.

(1) Liver showed an exceedingly high content (47.4% in 18 hours and 38.7 % in 90
hours). Simultaneous administration of Zn-salt made the content at both times to be decreased.
(2) Kidney was the second place (1.55 % in 18 houus and 2.73 % in 90 horus) and also showed
significant increase with simultaneous administration of Zn-salt (2.54 % and 3.53% respectively).
(3) Small contents were observed in testicle, thymus, lung, spleen and heart (0.05 %~0.2 %).
With simultaneous administration of Zn-salt, decrease in radioactivity was seen in such organs
except for testicle in 90 horus, but the change is only significant in lung. spleen and heart in
90 hours. (4) Epididymis, prostate, seminal vesicle and adrenal gland showed very small
content (below 0.05 %).
administration of Zn-salt.

No. significant change was demonstrated even with simultaneous

Content of 15mCd per gram of various organs was high in liver, kidney and pancreas
(5 %~1 %), followed by spleen, small intestine, adrenal gland, heart, thymus, seminal vesicle,
prostate, lung and epididymis. = Testicle showed the lowest content (0.05 %) among the organs
examined. A significant decrease in 90 hours after simultaneous administration of Zn-salt was
observed in epididymis, seminal vesicle, lung, heart and small intestine.

Content in testicle was 0.09840.007% in 18 hours, which decreased to 0.07040.006 % in 90
hours. However, content per grams of testicle was not changed between the two observation
times, becase weight of testicle decreased in 90 hours. In the group given Zn-salt simul-
taneously, the contents were found to be 0.088+0.013 % in 18 hours and 0.091+0.010 % in 90
hours, which showed no difference between two observation time in absolute content as well
as content per gram of testicle. Furthermore, in 90 hours, content in simultaneous Zn-salt
treated group is slightly higher than that in Cd-salt single treated group, but there was no
difference in content per gram of testicle between these two group, since the former has
higher weight than the latter, therefore, the 4 values of content psr gram of testicle showed

very closed results (0.05 %) which was the lowest one among various organs examined.

I #

Patizek?3030 (1956, 1957, 1960) A B o #
Fiva@WTFCd &) Eirlire X3
EOTrEHT 5, BARENLTCERELR
YU, EBRENCOREOWEL R T &uE
L, xoRER Cd 1 # v oLkt
HIEERNAIEA TS LB, COEBLE
Rk Allanson and Deanesly? (1962) 545115
16)17)20)21)23)25)27)36) K ‘t - T iﬁ%ﬁ“ 3 n’ %x%ﬁg
ORI~ DFHTEERET 2k 2,
¥ FEREY OB R X SR X 2 HE,
Cd L X» THE SREBALORNSWMERNELE
7r & ms Pafizek ic X 0Tz, Hic Xt
AEROBEERD OBEINTED, chikk

il

BHRRCL5D0TH- T Cd HoBEENEE
TRV EHREHLTW 3. REEZI bk
B ARME TS 55 Cd 08iics XIS+
Binicow Tk, EAMERC—RNCE 2,
BT CEBERT 2 BHmA ks TW B,
X bic Patizek oo Cd HoLEhke 3%
WEIERRES (LT Zn LEET3) EXRA
BRcbx b ic k- CBHIEHEs C L RA
L, chix Cd¥E L Zn I5HEM® competive
inhibition X % & @ LHEHR L T 5,

FERIFEIReRWT, HEXRYRS
kA ERRIEEECE L RN N2, %
DGR, RREYH ik Cd e X 2 BAOBRTT
HEELAROBERNTEHE> 20T, HhdRE
OEEXBACE XL TEOEREOBWA & XL



F4% : R BT h R B TR

Cd a5, foESRERCK L TR /A 55
ErBIETHeonwTETRIEY ML, &
Db Inte Cd 23R U CERIC A 7 58
BrEdRT5b0n, HBEMEOEFORE
oW THEME Cd 2FEHLGEREL, bbe
TehbOREN Zn WEHIC kL » T ge
3T AP OWTRERE Tl b, H
REDRBEE LD T CIRBET 5.

0 KREMHEGSIUREBRAE

EEX1. Cd BETEHEMCEZ L DAXIOERS
SUERBOEREL

1) EREM) : FES0~1808 » Wistar Rk = X
AIRERAL, ERBEBRTTX D BEHKKDO S LicE
FRCRBE L. ThbOBMCTRD X 5 EY
BEZLTE IR TEFCBE LDk,

2) CdCl, ¥¥% : CdClz-l%HZO(=228.36) o 0.004
Mol R¥EHREZFREE L THEA LI (T rCd¥s &
BEELT5). Tiedod Iml i Cd & LT 0.45mg %
BETHZ LB,

3) Zn acetate YW : Zinc acetate (=219.50) o
0.4Mol XKEREEFEKRE L CHERACEL TRy 35
R L. (ATZ o mR%EY Mn W1 & BT
5).

4) TCd ¥%&1 & Mn ¥ o5 F1RORT
IS EREYEY 1, O, WMo 3FHT, 5L
HIC 2 ~ 4 HOHRC XS L, SHROERIMYK
EAlE LCI0mE S L.

I b LTI fAE1008 4 h MCAd ¥, 1ml %35
WETFES L, Ob #is L OMb Fronwtdh

1359

MCHE e, 7R la PR BRKOLERE L
7.

In OEERBETAI-HO IFC L TE, Ic
BXIOO4d & Mn % % SEEMERC T 0 1ml/
FRE1008 % 3ER FEHS L. Td oWt 582
BIE® MZn %1 &5 AR TCd & 2ozl
IR X - T Zn PR Cd BE (Mol) o 100f5H
Ezbhicz riciks. Ta BB st s MZn
%1 rCd ¥ 4 L AR ZRIRK R ESH L.

5) £H : RBOFHBEXMF LK. Mc X md
R LCix Nembthal pRfg (30mg/kg fERERIES)
T e M & X % MHBREMRY T/n -7z, a,
Mb o\ RIBERRE T CRRES R E YIBREa ©
ZE{Tig\, b, Id W Uik b0 EFR T 1Cd
By HREL.

6) WFRERNE : CAWBREERIFAL2HE, OFF
T4, MR 6ERBARE —— F AR TR L. £
K, BIEX, AR (EZE, WED, B#ERE GRE
BExal), A%, WMTEE KR & F BEkX
ORI L, 10 A< Y YT 24 BREEER,
FRERMACHVAAS VRAE R ENFCCER
FHEEL, FEI008 YEMBOERLHL L.

BER2. HSHME Cd HEICLDEASG LUHRBRO
Cd %

D EBEM, TCd ¥y, Mo 1 ZhbHixwy
RAER 1L, H2RCRTI5k IVa, IVh,
Va, Vb @ 4 F%fER LT,

2) HEHE Cd Bk « EE Radiochemical Centre
B 15mCd (NOy), VR IRERC THRRL T, 100
pc/ml O E Lie (UF memCd ¥, L w3
%), A¥L Cd w i 0.096mg/ml #4453 5.

Blk £ B B W ERLD

B |k 5 | WEE rCa¥, (Zn WU RS (BE100EH)  |B B
Ia | it 10 80~100 | ® Z#@K 1ml -
b | Cd g 5 | 10 80~110 | ® rCd, 1ml 2%
Da | % R 10 140~180 | @ ZR@K 1ml @ FKEK 2ml @ K@K 1ml
b cd # & 10 120~180 ® 7&EK 1ml @{?%%%‘J ﬁ% ® ZKEK 1ml -
c | Zmg® & | 10 10~170 | ©Znygiml Q(EEN M @ rzng, 1ml ’
d | Cd+Zn 5| 10 150~180 | @ Zn ¥y 1ml @[{%ﬁ% Iml @ rZog) 1ml
Ma Py g} 9 120~140 O (BEEYD 7&REK 1ml
b cd # 5 10 120~140 O© (BERY)D 1Cd %y 1ml o
c | = B | 10 120~130 | @ (& %) FEEK 1ml 6 Bk
d |Em+capps| 10 120~140 ® & ) rcd %y iml




1360 B : EREEEECET2EROME E0F
$2k X B o % EHR2)
B x5 |BEEE E rusaCa # s e E R
wa 10 120~140 7 8 K 18518
c# 5 © wEK @{er W © ek
b 11 130~150 1'“5mCd ?&J 90%&?
Va 10 120~140 MZn ¥ 1805
Cd+Zn &5 ® Mn %, @{FCd b ® Mn ¥,
b 11 120~130 rusmCd ¥, 9OKFfE

3) MsmCd ¥ ek : 4 2 WY L 51 [Va,
IVb, Va, Vb iz MCd ¥ #45 & BRpc rsmCd % 4
1YY Iml #EFEHLE.

4) 1oCd SO  IVa # 2 Va #fi3 rismCd
R BEZ18RERIBK, IVD ##2 Vb B o0HSREIHE
W, WL, 3, ElSEA, ahiiR, BER R
EREEs), B8E, Mg F B B O, MEs
IOWEZFIH LIz, FRBFEOBBEREYTIE L K,
FORBIWL—BERECFAL A LT, LB
LT DN TR BT IR A 1k b Y.

D\ Well-type Scintillation Spectrometer SPM-
IB (BEED #AWCHRHELNE L. ToBRNE
HBAFIE 2ml ©—F L, #® net counts O ¢ %

0.5% A TiIe3 % i WERREY EEHME (RX15
SED Lic. £LTEEBEOSHRE (UT 15=Cd
B, BAER(] )Y ERE (LUT 1=Cd
BELED) 22REBCHTIEFRTEDbLL.

I ® 8 K &
KER1. Cd BEERTAMICED L O0XXI 08NS
SUHRBEOERZEL

FRC KT HEEENELSE 1 ~3KRL, &5
HOTIBERHE 3 ~ 5 FCFR LK.

I# (BN, £35

Cd $e54 258D Ib & Ia & KEeT5 L,
B, R BERR X OCRIEAOHES X UEIK

BN OMIMohay WER  BFTA  BIE TEA  fm ¥ i e
| |79 " mg mg mg mg mg 9 ) 9
1c . | 00 500- 500 50 0 5004 20 * 1 r00] 10+ ’

. ] . : v 1l b _‘— . ah
NP T e 1F] :
aos1 | 2] s0f o N . e o 101 50 os{ |.
o® bd ¢ :
. [a®e_| : :.
. o TE:_— . o |
o 050
o8 - —:'r
a b a b a b a b a b a b a b a b a b a b
IR 1% (2BB) CHF3HRER (FE1008Y) 0%k



1361

: BRSBTS EROTE BIF

E%

NVFE@ (ROTEY) FERM L2 (PEI) HI XEH

pPOGDO pPO GO pPOqgoD poqoO po gV PO GO poqgo poqo PO qo pPIqUO POqO
* 3
00! / o1 001 " toor o
ooz 1z o | lafoz ooz 1 ooz . )
e /NI 'wvrumnm. * ¢ {oo1
. Sl lir¢| jooe e loe . toos 1008 o
FRtA . * T || ] .
T ~ ] . el 7 joor ity ot 300k 2 took :
"I il TETER- 7] : : :
7 : S0 =R |- tos tle o 005 |2 il ] ts oS 00$ 00§ 00z =107
. ¢ [= 1o | L=, ! * es?s
. “ 0 lml
. 9
6 . 6 6 6 buw bus b b b bus
ar s s 5 We  WELW 518 ¥ aie wew SN wmw s
PES (R2001EY) BEERMT L2 (BET) #0 KTH
Fo>q0 pPog o 2qg0v poOqgop poqgo pogqgo pPoqoO pIgqgo pPo2q0 pPoqgo po2guo
£
001 / o7 < loor toor . o
B oR0 e [0 ] * . A % :
Has ) i I 7 || lssloz 1 ooz |- 00z ||| t$]
: S0 sopAT| |- NEARE . N 210 | ° foar
IE N 27 I TSN I S T A O Y 72/ N O IO /3 S B B
s ol wr FT or [ [Sooe | [ [Shoor B | [F]
< 0 el ]t I.J.Qw I..r »..”L.S oos || 1] le os 1| 005 MBS w0s F1002 [
) 6w 6 bu IO P I
“ bu 6w ) b . .
6 6 6 by WEL g : ,
. ‘ i U%I8 R memwn” W YR

w e 1 s




S : ERREEE BT 5 RRPTE F I

1362

RO Y RORORELINESEO% 1

BT TR OUZ UL ¢ %

LR ¢ T

T10"0F6£°0 | ZO'OFSE'0 | C1'OF¥6 ¥ [xC0'0F06'0 | xOZFOIE |1 'OF¥'S |x¥ 0F9Z — «C OFEl | HElE [ Felz —_
10°0FLE"0 | 90°0F6£°0 | 8T OFLI'S 470 0F98 0 | x06F00E |« OF¥'S |42 0FE€Z — * CFL | (HERE (FEHE —
10°0FF0F '€ | 10°0F8Z 0 | €Z 0F61°S [4E0 0FE6°0 | x0T1FOVE 42 0F9'S 49 0FST |«FIEBIE | WZZF 1S | 1 HEHE | ZEBE 40 0FIZ'0
€0°0F6C°0 | 90°0FO0L'0 | Z1'0F¥¥'S | €0°0FZ0°1 | €ITFL91 | 1'OFE'¥ | ¥ OFIZ | OLFOLE | OVFO9E 9F 901 ZIF681 | 0°0F00T
ar (Bur) (Bur) (Bur) (Bur) (Bur) (Bu) (3ur) (3)
B 1@ | @H BB g™ ey | gE | E 8|S R |8 BN LT e
(FEHEFHerk) NVFEC GR8001) EYEERM Y LSk E G
LBEORCROROEE2FONEE OGS 1 13T 7 BXOU L U : *
MR F
10°0F6£°0 | 80'OF#¥ 0 | 91°0F86'% | SO'OFZO'1 | OIFOSZ | ZOFO'¥ |47 OF¥Z | OLTFOLE | OLFOWE 6F66 YIFZ91 | 90°0FL6°0
10°0F8L 0 | SO'OFBE 0 | BI'OFZI'S | 90°0F66°0 | 0ZF00Z | z'0Fe'€ | 1°1FF6Z | 0SF08s | OLF08E 8F68 9TFO¥I | SO'0F901
ZO'OF6L°0 | LOOFOF O | 61 0FES ¥ 4«0 OFL8°0 | OZFOZE [x9 OFC'¥ |x6 OFIE |(IABMIE | «12Fry | (+HBHWE | FYHE |,20°0FcZ'0
T0°0FLL 0 | 2OT0FO0L 0 | LI'OF08'% | ZO'0F66°0 | OZF08Z | £ 0F6'€ | 9°0F1Z | OITF08¢ | OLFOSE 8F18 SITFZSI | SO°0F801
ar (Bu) (Bur) (3ur) (3ur) (Bur) (Bu) (8ur) (3)
B @M [OH OB gy w5 18| W e |6 B Y AT T e
(BHB T A) NVFEO (R300TEY) FESM O NMT 27E
LEBEORYYRORCEELENEREO% T MEH T BKOWLr YUY = +
BT
90" 0F¥8°0 | 61°0FS9'8 | 90°0FO0L" 1 SZFeYE | ¥ OF6'S *«CFEh *P1TFEII x VFLZ «CF0T x VFZT  [%Z0°0F950
80°0F66°0 | 1Z°0FZ8°L | ¥0'0F8S'1 8IF0SE | ¥ OFI'9 ZFee 91F 08z SEFSel 8F 9% SIFVL | 90°0F9Z'1
3w Sw 3w 3w Sw 3w 3w
| @O | O8 g G 8w T R e s | (B ¥E

(FHSRETPA) YFEC (RI0IEY) OBEERME O3t 1

ECH




B : EREBERECBET 2 ERE SR
F6Fk IVaRf (Cd RHFI8HRD ki BMAEE 1mCd Bds X8 wmCq Jape

1363

B % T 5 1 2 3 4 5 6 7 8 9}10}%21751@:‘;@%;%%
g B(g8)} 1.9 1.5] 20| 1.8] 1.2| 2.0| 1.9 1.6] 1.9]| 1.7 1.80+0.08
2 i wmCd B | 0.097 0.097] 0.090| 0.136] 0.069| 0.110| 0.115 0.106] 0.098| 0.107]  0.09840.007
usmCd ¥ B | 0.051| 0.065| 0.045| 0.075| 0.058| 0.055| 0.061| 0.066| 0.052| 0.063|  0.057£0.004
H B (mg)| 160 95 | 117 80 57| 180 167 | 109 | 108 | 123 12011
By 1mCd & 0.026| 0.026| 0.019| 0.013| 0.019| 0.012] 0.019| 0.020| 0.018| 0.017]  0.019=0.002
usmCd 3% BF | 0,16 | 0.28 | 0.16 | 0.17 | 0.33 | 0.07 | 0,12 | 0.18 | 0.17 | 0.14 0.18%+0.02
& B (mg)| 20 32 27 22 32 26 27 31 30 21 27%2.3
Bl = wmCd B | 0.018 0.014] 0.002| 0.000] 0,004 0.000| 0.023| 0.020| 0.013| 0.009| 0.01040.003
usmCd i B | 0.89 | 0.44 | 0.66 | 0.00 | 0.14 | 0.00 | 0.85 | 0.68 | 0.44 | 0.42 0.45%+0.10
B B (mg)| 294| 520| 255| 318 | 340 | 400 | 292 | 362 | 385 | 270 344424
Mo B vwsmCd B | 0.055| 0.051] 0.053| 0.067| 0.048| 0.068| 0.075| 0.064| 0.056| 0.067|  0.060z0.003
usmCq ¥ EF | 0.19 [ 0,10 | 0.21 | 0.21 | 0.14 | 0.17 | 0.25 | 0.24 | 0.14 | 0.25 0.1940.02
# B(g)| o0.8| 1.1| 0.8| 0.8 1.1| 0.8| 0.7| 1.3| 0.8| 0.7 0.9:£0.01
fti |mCd & |0.12]0.12]0.06|0.10|0.12|0.09|0.09]0.17 | 0.14 | 0.07 0.11£0.010
usmCd 3 B | 0.15]0.11 { 0.07 [ 0.12]0.11 [ 0.12 [ 0.13|0.13 | 0,17 | 0.11 0.1240.01
OB (mg)| 412| 585 | 346 | 335 | 426 | 393 | 389 | 355 | 431 | 426 41022
f | wsmCd B | 0.17[0.19]0.07 | 0.1010.19 | 0.21 { 0.18 | 0.20 | 0.17 | 0.11 0.16+0.02
usmCq ¥ EE | 0,41 | 0.32 | 0.19|0.28 | 0.44 | 0.54 | 0.48 | 0.57 | 0.39 | 0.25 0.390.04
g B (g)| 06| 0.7| 0.7| 06| 05| 0.6| 0.5| 0.6| 0.7| 0.6 0.6+0.02
D | w=Cd £ |0.160.10]0.10|0.15|0.17 1 0.15 | 0.15 | 0.18 | 0.22 | 0.04 0.152£0.01
usmCq ¥ EE | 0,26 | 0.15| 0.14 | 0.26 | 0.34 | 0.25 | 0.31 | 0.29 | 0.31 | 0.15 0.2540.02
g2 B (g)| 1.3| 1.6 1.7 1.2] 1.3 1.4 1.3 1.2 1.7} 1.2 1.430.06
B o|usmCd B | 1.66|1.69|1.13|1.72[0.95|1.30 | 1,34 |2.18|2.38| 1.12 1.55%0.14
usmCd ¥ gE [ 1,28 | 1,05 | 0.66 | 1.430.73 | 0.93 | 1.03 | 1.82| 1,40 | 0.93 1.1340.11
# B (g)| 85| 85| 84| 7.2| 7.6| 8.2| 7.8| 7.6| 9.9| 8.6 8.240.2
FF | tsmCd & |39.2|58.1|30.5]|51.7|42.8|48.3|42,7|43.3|55.0]|62.5 47.4%3.0
usmCq ¥ BF | 4,62 | 6.84 | 3.62 | 7.18 | 5.64 | 5.89 | 5.48 | 5.70 | 5.55 | 7.25 5.780.36
N B
usmCd Y BE | 0.45 | 0.4310.29 | 0.39 | 0.59 | 0.33 | 0.44 | 0.47 | 0.36 | 0.28 0.44+0.03
% -
usmCq ¥ EE | 0,56 | 1.03 | 0.53 [ 0.77 | 1.20| 1.00 | 1.70 | 1.30 | 0.96 | 1.16 1.02+0.11
#7% Valf (Cd+Zn 5 1885R) wisi) s 1smCd fds kot 19mCd BEE
oy B 5 11 12 13 14 15 16 | 17 18 19 20 | S iGEEEEERE
& £(g)| 19| 1.8] 1.3| 16| 1.8] 1.6| 1.7 1.4 1.9 1.440.12
% | mmCd £ | 0.138) 0.049] 0.117| 0.046{ 0.045 0.050| 0.109 0.113/ 0.133  0.088%£0.013
usmCqd ¥ B | 0.073] 0.027| 0,090| 0.029| 0.025| 0.028| 0.064 0.081] 0,070|  0.054%0.008
&5 B (mg)| 178 120 80 71| 127 175 | 165 85| 120 | 129 125412
¥ivzhgl usmCd B | 0.089) 0.015 0.033( 0.013) 0.018| 0.011| 0,047| 0.005 0.025) 0.009|  0.022+0.004
usmCd % B | 0.22 | 0.15]0.42 [ 0.19 | 0.15 | 0.06 | 0.29 | 0,05 | 0.21 | 0.07 0.18£0.04
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' OB (mg)| 21 26 31 31 30 25 24 26 22 27 261,1
| = usmCd  F | 0.011] 0.016] 0.000| 0.008| 0,001} 0.000 0.022| 0.010] 0.014 0.003{  0.009=0.002
usmCd Y BE | 0,55 | 0.61 | 0.00 | 0.25 ] 0.03 | 0.00|0.92|0.37 | 0.64 | 0.10 0.35%0.10
B OB (mg)| 293| 287 | 185| 245| 470 | 332 | 263 | 262 | 270 | 393 30026
B gl wmCd & | 0.080| 0.036 0.064| 0.028| 0.037| 0.023| 0.065 0.063] 0.074]  0.052-£0.007
usmCq 4 E£ | 0,27 | 0.13 | 0.35|0.12 | 0.08 | 0.07 | 0.25 0.23|0.19 0.1940.03
B £ (g)| 09| 0.8 0.7| 1.0| 1.0 0.7] 1.1| 0.9 0.7| 0.8 0.940.05
fifi | w=Cd & |0.14|0.13]|0.08|0.13]0.020.05|0.11|0.07 | 0.11 | 0.09 0.09%£0.01
usmCd ¥ B | 0.15 | 0.16 | 0.11 | 0.13 ] 0.02 | 0.07 | 0.10 | 0.07 | 0.15 | 0.11 0.1140.01
F B (mg)| 340| 510 | 493 | 390 | 760 | 319 | 370 | 343 | 392 | 630 455446
R | 1smCd & |0.08|0.05|0.21|0.05|0.05|0.06|0.17 | 0,09]0.16 | 0.17 0.11°%£0.01
usmCd ¥ B | 0.24 | 0.09 | 0.54 | 0.14 | 0.06 | 0.17 [ 0.45 | 0.25 | 0.42 | 0.26 0.26°40.05
5 & (g)!| 07| 0.7] 0.4| 0,6| 0.8] 0.6| 0.6| 0.5| 0.5| 0.7 0.6+0.04
D | 1mCd B ]0.23/0.05]/0.21|0.06}0.03|0.05|0.24|0.14|0,15|0.10 0.13%0.03
usmCd ¥% B | 0.33 | 0.07 | 0.52 | 0.10 | 0.03 { 0.08 | 0.40 | 0.28 | 0.31 | 0.14 0.2340.05
& B (g)| 1.4] 1.8| 1.2] 1.2 2.0} 1.3| 1.4| 1.4| 1.2] 1.8 0.540.09
B |uwmCd B |3.42|2.62(3.33|1.76[1.20]1.56|3.93|2.16|1.96 ] 3.42 2.54°40.30
usmCq 3% B | 2,44 | 1.45 | 2.78 | 1.47 | 0.60 | 1.20 | 2.80 | 1.54 | 1.63 | 1.90 1.78°40.22
B BE(g)| 7.3|11.4| 83| 7.2|11.1| 89| 7.4| 83| 6.6|10.3 8.7%0.5
B | 1smCd B | 48.5|22.6|48.3|14.8|17.3|22.6|42.3|42.1|40.3|58.2 35.7°+4,8
smCd ¥4 BF | 6,55 | 1.96 | 5.82 | 2.06 | 1.56 | 2.54 | 5.72 | 5.07 | 6.12 | 5.65 4,3140.63
AN
1smCd ¥ BF | 0.45 | 0.20 | 0.55 | 0.21 | 0.22]0.19|0.63|0.29|0.33 | 0.31 0.3440.05
23
usmCq ¥ BF | 1.57 | 0.54 [ 1.50 | 0.47 [ 0.21 | 0.56 | 1,01 | 1.23 | 2.21 | 1.43 1.0740.16
o:1Va LIRL T, S5 BDEBKETEERDEDH B bDOERRT.
#8% Vb # (Cd #5 90BERY) WwkiF B 115mCd B3 Lot wsmCd Jps
v i B 21 22 23 24 25 26 27 28 29 30 31 %Z:%:t%g
B E(g)| 1.3 1.3 1.3] 1.2} 1.3 1.4 1.6] 1.3] 1.5| 1.3 1.2 1.30.04
g2 3| 15mCd B | 0.044| 0,075 0.066| 0.054] 0.081| 0.067| 0.058| 0.064| 0.076| 0.121| 0.066| 0.07040.006
1smCd YR 0,034 0.058| 0.051| 0.045| 0.062| 0.048| 0.036| 0.049| 0.051| 0.093| 0.055| 0.05340.003
HE i (g)| 03| 0.5| 0.4} 0.4| 06| 0.4 0.3| 0.5| 0.5| 0.5| 0.4 0.440.03
Elges| 15mCd £ | 0,034/ 0.031| 0.028] 0,017| 0.064] 0.030] 0.019| 0.044| 0.052| 0.037| 0.028] 0.035%0.004
usmCh YR 0.112] 0,062 0.071] 0,043| 0.106| 0.076| 0.062| 0.087| 0,103| 0.075| 0.069| 0.07940.007
TR (mg) 109| 156 | 105| 125| 158 | 110| 126 | 155 | 160 | 174| 112 13547
Bz 1smCd & | 0.024] 0.040| 0.030| 0.031] 0.014] 0,012} 0.018| 0.024] 0.030| 0.045| 0.022| 0.026=0.003
usmCd Yl 0,22 | 0.26 | 0.28 | 0.24 | 0.90 | 0.11 | 0.14 | 0.16 | 0.19 | 0.26 | 0.20 | 0.20+0.02
& & (mg)| 68 89 72 91| 151 69| 142 178 | 191 | 153 88 118212
FigENg 119mCd £ | 0.026| 0.028| 0.021| 0,018} 0.030| 0.007| 0,011| 0.019] 0.019| 0.045| 0.019| 0.02240.003
msmCd YBRE| 0,38 | 0,32 {0.28 | 0.20 [ 0.20 | 0.10| 0,08 | 0,11 | 0.21 | 0.29 | 0.21 | 0.2240.03
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HE (mg) 36| 40 38| 43| 37| 42| 45 37 32| 32 32 3841.3
Bl | smCd & | 0.014) 0.014] 0.019| 0,003| 0,005| 0.008| 0.005| 0.043| 0.026| 0.024| 0.009 0.0164-0.006
HsmCd JEE 0.39 [ 0.39 | 0.51 [ 0,06 | 0.12 | 0.19 10,12 | 1.17 | 0.81 | 0.74 | 0.28 | 0.4340.10

H B (mg) 174| 257 | 211 321 | 232 | 447 | 246 | 317 | 386 | 258 | 329 | 289426
fa Bl 5mCd & | 0.032 0.126| 0.044| 0.044| 0.051| 0.130| 0.034/ 0.036| 0.117| 0.074 0.099| 0.07240.012
usmCd YRR 0.18 | 0.49 1 0.21 | 0.14 [ 0.22 | 0,29 ] 0.14 | 0.11 | 0.30 | 0.29 | 0.30 | 0.2440.03
HEE(8)| 06| 1.1 07| 07| 1.4 09| 0.9] 0.7| 1.0| 1.0]| 0.9| 0.940.06

fti |1mCd & |0.13|0.16 | 0.10|0.13 |0.14[0.10|0,08]0.10 | 0.15 | 0.18 | 0.12| 0.1320.01
smCd @R 0,22 [ 0,15 [ 0.14 [ 0,19 | 0,10 | 0.11 | 0.08 | 0.14 | 0.15 | 0.18 | 0.14 | 0.1540.01

E B (mg)| 325| 271] 295] 490 | 193 | 475 | 402 | 372 | 2901 585 | 352 | 405436

fo | 15mCd & |0.12]0,1410.13]0.19]0.11 | 0.30 | 0.15 | 0.15 | 0.16 [ 0.26 | 0.22 | 0.1840.02
usmCd y@fF 0.38 | 0.50 | 0.45 | 0.38 | 0.56 | 0.63 | 0.36 | 0.39 | 0.55 | 0.44 | 0.61 | 0.48£0.03
E®m(8)| 05 05| 0.5/ 0.6 0.6| 0.8] 0.6| 05| 06| 0.6| 0.6| 0.6%0.02

i [ 1mCd B | 0.16]0.16 0,17 [0.14[0.10 | 0.19|0.11 | 0.13 | 0.20 | 0.17 | 0.13 | 0.15%0.01
1smCq JEEE 0.32 [ 0.31 [ 0.34 | 0.24 | 0.16 | 0.24 | 0.18 | 0.26 | 0.34 | 0.29 | 0.22 | 0.26%0.02
EEC)| 11| 1.3 1.4 1.4 1.4 1.8 1.4| 1.2| 1.4] 1.4 1.4 1.4%0.05

B | usmCd B |3.41 |3.38(3.34|2.48(2.70|2.33[2.08(2,90|2.16|2.93|2.34| 2,73+0.14
1smCqd JEF| 3,10 | 2.59 | 2.38 | 1.77 | 1.93 | 1.29 | 1.48 | 2.42 | 1.54 | 2.09 | 1.67 | 2.02+0.16
EE(8)| 73| 67| 6.4 79| 75| 9.7| 85| 7.6 7.2| 7.2| 7.8) 7.6%£0.3

Fr | 15mCd B | 46.0 | 33.4 | 33.8 | 47.0 | 38.6 | 47.2 | 37.1|33.0 | 44.0|27.2|38.3| 38.7£2.0
1smCq YR 6,30 | 5.00 | 5.28 | 5.95 | 5.15 | 4.86 | 4.36 | 4.34 | 6.12 | 3.78 | 4.91 | 5.100.24

i
smCqd JEE| 0.29 | 0.20 | 0.22 | 0.20 | 0.15 | 0.19 | 0.15 [ 0.19 | 0.22 | 0.20 | 0.22 | 0.20=0.01
3
1smCq JMEE 2 31 | 2,10 | 2,56 | 1.52 | 1.51 [ 1.18 | 0.84 | 0.90 | 1.67 | 2.22 | 0.92 | 1.61%£0.19
#£9% VbE (Cd+Zn HE5 90ERD) RisiT AR wmCd Fis Xt 1smCd EE

B oY B = 32 33 34 35 36 37 38 39 40 41 42 Sizia:tg,ﬁ
HEE ()| 20 1.8 2.1 20| 1.8 1.9| 1.8f( 1.9| 1.9 1.6 1.940.04
g2 i 1mCd & | 0.065 0.112) 0.116| 0.116| 0,119 0,090 0.089| 0.120 0.053| 0.034| 0.09140.010
usmCd R 0,033 0.063| 0.055| 0,058| 0,066 0.047| 0.049| 0.063| 0.028| 0.021| 0.048=0.005

" E(8)] 0.5 0.4| 04| 05| 0.4| 0.3| 0.4| 0.4| 0.4| 0.3| 0.4%0.02
Bl 115mCd & | 0.007 0.035| 0.022| 0.034| 0.015| 0.015] 0.025| 0.020| 0.005| 0.004/0.01840,003
usmCd JuEE| 0.014 0.089| 0.055| 0.067} 0.036| 0.052| 0.064| 0,050 0.011| 0.012/0.045440.008

5 B (mg)| 194 97 | 193 | 267 | 223| 160 91| 173 | 238 | 241 139 183£17
izl 1smCd £ | 0.018] 0.012| 0.027| 0.028| 0.044| 0.038| 0.012| 0.022] 0.055| 0.026| 0.016| 0.027=40.004
usmCd PR 0,09 | 0.13 | 0.14 | 0.11 [ 0.20 [ 0.24 [ 0.13 | 0,13 | 0.23 | 0.11 | 0.12 | 0.15%0.05

& B (mg)| 132| 95| 363| 3290| 346 | 183 | 213| 179| 316 | 350 82| 235433
¥ER 15mCd B | 0.006| 0.009 0,022 0.027| 0.036| 0.019| 0.008| 0.014| 0,026 0.005 0.015| 0.01740.003
usmCqd JEE| 0.05 | 0,10 | 0,06 | 0.08 | 0.10 { 0.10 | 0.04 | 0.08 | 0.08 | 0.02 | 0.19 | 0.08*=£0.01
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35 39
0.009|

0.26

38
0.009
0.26

46
0.008
0.18

H & (mg)
usmCd ﬁ

1smCd 0%!{&

46
0.000]

0.00 0.35

0.013| 0.015

0.57

42
0.005
0.13

47
0.006
0.19

38
0.008
0.21

38
0.014
0.38

40+1.8
0.009£0.001
0.260.04

27 42
0.014

0.32

338
0.069|
0.20

259 318
0.069

0.27

H & (mg)
1smCdq .E%

usmCq ypE

274
0.042

0.15 0.24

0.077

286
0.033
0.12

29713
0.06710.008
0.234£0.03

319
0.057
0.18

359
0.077
0.21

274
0.114
0.42

250
0.062
0.25

0.9
0.09
0.10

0.7
0.06
0.09

0.9
0.10
0.11

=& (8)

usmCqd £

tsmCqd YLpE

1.0
0.03
0.03

1.3
0.08
0.06

i

0.9+£0.06
0.07*+0.01
0.09240.01

0.8
0.08
0.09

1.1
0.06
0.05

0.8
0.06
0.08

0.7
0.09
0.12

0.7
0.05
0.06

0.6
0.09
0.15

507
0.14
0.28

600
0.17
0.28

803
0.14
0.17

408
0.10
0.23

HE (mg
1usmCd E:
usmCq

614
0.19
0.31

e

0.14
0.47

529439
0.12°%40.01
0.24*¥+0.03

472
0.05
0.11

538
0.10
0.18

487
0.10
0.20

481
0.14
0.30

304 | 601
0.07

0.11

0.7
0.08
0.14

0.6
0.10
0.17

0.7
0.17
0.24

=& (8)
s usmCd £

usmCq JpE

0.7
0.05
0.08

0.7
0.13
0.18

0.12
0.21

0.6
0.13
0.21

0.60.02
0.11°+0.01
0.18°+0.02

0.7
0.15
0.21

0.6
0.16
0.26

0.5
0.06
0.12

0.6] 0.6
0.08

0.13

1.6
2.51
1.57

1.7
3.71
2.18

1.8
4.44
2.46

1.8
3.13
1.74

1.4
2,63
0.88

B (8)
smCd £

1s5mCdq ﬁg

1.6
4.54
2.84

1.6%0.05
3.53°+0.28
2.21%0.19

1.6
3.95
2,47

1.4
4.30
3.07

1.4
4.53
3.24

1.6
1.86
1.16

1.8
3.18
1.76

9.1
37.3
4.10

9.6
43.8
4.56

9.3
41.4
4.45

1E & (8)
usmCd &

1smCq YeRE

9.9
30.1
3.05

8.8
43.2
4.92

i

47.7
6.73

7.7
23.2
3.02

8.2
17.2
2.10

8.710.25
36.9+3.3
4.16°%0.40

7.1 9.0
46.4

5.16

8.2
22.0
2.68

8.8
44.3
5.03

7N

usmCd 2 0.08 | 0.09 { 0.08

0.15 0.09 0.11 | 0.07 | 0.11*%0.01

0.62(0,85|1.48|0.93|0.98

115m(Cd %E

2.08 10.79 | 1.19 | 1,68 | 0,61 | 1.44 | 1.11°%0,11

: IVb LT ERO0.T, 1,

*, <, ©

BBt Cd #E - TERIIThZh 1728
ToEWRLRIRAEDLRS, —HEIBX Cd#s
X TEEDOHMMERLTWAR, OB TERE,
B, B, FEIOBCOWTRAEROEIL bR
b2Rel fll

O (B2, #£4%)

Cd #5% 4 D Ib wk\Cit, L2 b X
b X HIHELR, BItERROBRITHELLER T, £A,
BAZiR, KEENR, RIEARBERSEOWAEZRL T
5. BIFE Ib LRfRCIEEAININL, HTEADHY
MOERZ AR ED D, BEEIETFRMI LT3,
fho iR, ¥, B, ORIEEOEITIZ bR

In WOHDWEX TR -t llc TRRBEERRD
EHIAE, WRD Ma & ik U MBS Hivisds
27z,

Cd+Zn Bk fiin - fe IId s\ Tk, %23, B

5 %DEEKBETERDOEZDH D bOERT

R, BER BISHIRRE a L oMcaRoE
MRHEDHT, Cd OEEN Zn © X » TP Eh
b0 rEL bR, EEABOAREROELEY
TEROMNEZR L. ZOMORRCIIEFCEEL
LZbhich -t

M (B3N, $£5%)

Cd %45 6 B#o b ick\T, HBLSO FS
oW THhB L, B, MTEARSIVRBEROH
MEBD BT, B, DIITRETHB. ERORET
fe = fc e oW T hiiEFRBEOEAY RL T\ 5.
¥k 4Cd B 5% Tl HId % IIIb X
Illc L HRLTHEBOEZROhish-. Thb
H Cd RE L BRBEEOB(L, X ->Th
EIhsolixmnl, FrodesEsc ks G
BECL - CHBYSTBI LIV EEL LR
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B2, WA Cd HECEBEALKIUERBO
Cd %

IVa B (Cd #5188H]) OARBER, BT
BT 5 15mCd BR X0 1mCd BERE 6 R, IVb
# (Cd %5908 OBBPBH LS 8 BRI,
I Zn #PERKRS L Va Bk L 0% Vb ko
WL, TORBEEE7TEBICE IR T . ¥
BB BT B ERI Cd B2 4, 5K
r, Cd BE##6, TRKRRLL.

1) fEZR ws=Cd B Zn #ER I B L0EL

usmCd BOLHAPI X » T FWEEHL kD 4 B 5
FHTENRTES,

i) B : s L CERNEECERRL, 18
B CITAT A% E BB D X FHIECEL, 90
BRIIBP L TI8.7% &%, In % fie T ET S
LTEE DD ERL, FRC18RFHIETIX35.7% &
BE (BEKES %) OERRLE.

i) B : ek WCEBE ST, TokFo20~30
So1EEER. Cd 5 X D 18KE#ED IVa T
131.55%, 0B IVb i3 2.73% L By
ZEDTWS, Za BHEE 15 Va, Vb Tk FofEix
FNEN2.54%, 3.53% L BREOETHMERLTE
b, FLEoBELXEL T\,

i) ZH, Wi M BRI ShbOERER
sl s 1eCd Bk 0.2~0.05 % DEic o L—i
B THB. In OREH ORFHCESWTEALK
BETOHMER DL, oboikfid R4 %R
L, =0/, §fi, B IOLOORKHEBOETIIER
(FhEN1%, 0.1 BBI U5 %) DERRET
5.

iv) B, BiSClR, HBERRS IOEE  wIhd
0.05% L FToMERXIEH LcHRths. Zn RET
BEIEANERE (1%) OBLERTH, oz
BRE BT R R LD,

2) WEgaR) weCd WK X Zn 5 X B 0O%1L

usmCd FafiE Uk Lo, K, MNex
M CTEDWERRDIZE T D, KD X >4 BT
DFBHT ENTER.

1) B : 15mCd Bk g0 £ T
A, BECBWTARADOERZLDLE~6% L~
fo. B In BER X - THE (5%) OB ER
L.

i) Bis X O : FRek SERELYRL, 1~2%
T, Wi & ORFEIE D F IR I8REHIME X b b InE A
L, ZIn HHEE L - TETRENE, TR
BAxR LI, TOW, BO18FHIE, KD IORHEE

TREE (5%) DERBEDLII.

iil) /N, P ORI : Ch b oEBETITfTh
$0.4~0.5% LB TH > 1o ZORTNEDLNRI
RefEC 3 TR L Cuvie. Zn 544 90K {E©
i, N, ek e TR (0.1%) oA R R L.

iv) @, i, BORE, REEERR, BUZAR. BIEAB IO
BH:ZhLICThD 0.3 BUTORELRL, &
BRELIZEA LR LD BRI, Zn BEHIOR
FHECRIioARcERE (1%) ORI ERD .

v % &

Cd W B L ik Prodan (1932)%3% 5
Bratey, AREAREN, FEENCREC
FLEBRINTH W Unlohbo
BRIk SR 1 5 F 8 I oW TR HI
Rohimn ARBEZE, FBEFONE» D
ERCEREBEROE RS L CoMRsE
KT B, BACENE Db o D
VRO LW IS, XD FT, HEX
RAICxT5BEEN BRI CRNTHI0D
B &S Johns'® (1923) o FEE#E R Ek
YE\W., %7 Alsberg and Schwartze? (1919),
Schwartze and Alsberg?®” (1923) #: Cd Hhzks
CEHIOBEEBYRD T BEHLTENREL O
BT Twig\, —J White (1955)4®
7 Cd i in vitro TRETIC L TERD THEN
FEEETAELTwBc wREL, 22 Cd &
ORENEIEEINS XDl k.

ZEIEIReBVWEYr XX I P EOD
CdCl, ##HELic sz n, BMELHLELT
BAEB FEE e B B bhi, K
BT HHHR & A, Cd Ho 13 EH21T
75 &, Pa¥izek’® (1957) o EEAFER & MR
, F1NCRT S BAKEECERL,
BIEER0ERE D W T 5 D% Ao, Pafizek
21(1956) & DK, MRFNEE T EHCEH
BEORENAEEYRD 503, Lo B E K&
(B, B, Bied) wixthde7Fe~—7 %
BRED bhisho kw3, bk Cd 5
Wywc testosterone x5 % % & BIMEIREERE 2
BIET 205D DOT, chbEINBROEER
Bk Cd oEFOFERAC I XD, E2L
TERIEE X 5k E Y RIBIC X 5 TR
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HORLLTWS, R oWTRER
MEELEEHRLVWE LTS,

FELZCHTR S X O KiF s\ Parizek o
BRY T - T %o B EREELTER
L, SLEARER ek Tk, 2H50FE
BfRc i c fify L0 C BEEELE R TH
k. Thbb, ZBELCIREFHLLOVWT
ERBREEOEB L RHBEHOLL LHEKL TS
5E, BItERR (RIS, AR, BER 8
BEeB xR, BT, WMTEE0HM Bo
WA, B, B, LOAE, RRoHMEFETE
BCRAROZLERLZE TV 5.

CETEBRIBFAX IOMBEENELC
24T, Dorfman and Shipley”3% Androgens
(1956) oFTE» B EIATHE, MTEHEOD
Whn (Stein, 1933), EF oiEin (Korenchev
sky and Hall, 1939 ; Bennet and Evans ;
Mazer and Mazer, 1940), fafiio B 1k FH 1=
(Goodall, 1905 ; Henderson, 1904 ; Marine,
Manley and Bauman, 1924), & ¥ X OHF O
4> (Korenchevsky, 1930, 1934) & 04 (Ko-
renchevsky, 1941) nEHI LT 5. E%H
M, *X3 0 A4bZELATAERDRY
», BEOERBER T, LOTEEZRNT
I<—HLTn 5,

mEm, EEHO BREEO BLBER, Cd
REBoxrhE Bl LTtwsc s, Cd
oM s LETHESRENL SO L&
Wit s o LRV, FEORRTESRH
1 Cd 2HE5E LT OBEBBME I Nigh -
ez b, Pafizek o testosterone #¥5ic
X 5 ERREETC, MRFENRFERE LORE L
THBHE, Cd OoffiRFA Y ER0AHCEFS
nNTCnszendndibhs,

BE3hk Cd oW cosmREx, &5
RR®OHE (BREBHN, RAKN, BHIRKD, £
REYOBELEC X > THERR BN, ek
@JE@K%E?%, y(b\f%m%b\6)10)11)12)33)40)
15Cd 1 k 2HMRBRUEERTS, BHTEH
X ARBRE, bTHCRCREES L RS
REBNDZDHTHD., YRFIAILHLTO
EFEHSTREZEIRTLERL.

Ua U, Decker et al.® (1957) itvrm X X
AW 15Cd & BEREe 1EH0 EF%
firv, TORBRCHTIEATHERFTL
Tw3, HFEORBcrRITck 4 B#60%
PDEREREIh, ThBRLELEBGRL 58
BB bR L TWw 5, Bk 4 BiEgc
16X &R I, LBk L C5ERRC
¥5.1% &7 T %, ffilcid 4 BfE#10.75
%, UHBEE LT 5 BARBcREs bhinlk
5. ¥, BECEARB®RCSEH- b0
2%, TORFRAICIE 6.5 26 LB L, DAEREIR L
CT5BEBBEIY% ks, —F, EEACK
SRR CHMA L, 72K ECcc18.5%
2, bk 5EMEBEclcik 22% AEE S h
5. oL TSR, B, B, HeE, EEO
WEL D, FEEDSS.3% A 599.6% % Tx[H
RLTws, MoiEzRcBl+ 5miinsd bl
Wi, TORELOHEET B, oI REE
B 8 5 8FERED TP, TR
OHEt b ENTHEHI LELDBNS.
RERBEYRICT BN, HEORBEEED
FIEE (6, 7, 8, 9%) LEXHEBRFLT
A%, BEORE TR, Ty TREEL R
L, »oREPHEB*BET 2 LB ESH T
5., —HETCRFEROMCELL ER X T
5. ERicCRITR &N, chboilEie2
W, Bl > cEkERBERCTHIR
FERB LR RIER bV,

@D Ei X 0 2 bihvie BRI 18 KfE T
49%, 90 BTk 42% Wil g, Thik
Decker OER I VE 2 5L, HLE, EED
HEAFT - Twig\n T &iIC X 5.

usCd e o\~ Tk Decker 49 @ BB,
FFcv 4 Bl s & 5 BH % T4 A~4.626 L B
Bn<, Bk 4BER%0.95% 25 2 Bk
0.83% WAL, 5BEMBIIE2.0%6 LML
Twb, ¥, Micrk4BE%0.57%, 24K
#0.83%, LIBRIE LT 5BMBRAD bR
s, RESMIC BIT 5 EE D RRE
(e, 7, 8, 9K Tk, "Cd BEo%
HGLERY, I BTdEuERZTL TN,

2AN O 50Cd EE, SRS TR/h O
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HExRLi. Bhoxrhr 1 &T5L, BALE
EORBPLEBOERIZ40LRKELXTT %k
wsmCqd BoEd oM, iR, Ok LB
H#LTd, FOfERFA3, 4, 58LT8
Lo T, Pa¥izek® (1960) vk Cd oK
THS CEAEREBEE I B O L ORI
ErEdbcessciik, Cd nEic BEOHR
MEXATHE L CRCEERL, FokX%
1/100 TH % E\vvn T3, T OEZRELZEOHE
BLel—FKT 5%, HORMILCRERELNED
FFLAS 0 BRI oW T ORI A bhvic b,

ER IR TEAERFIBERNCRETH
B LR LD, FhicbhhrbbTER
21 BWT Cd 0 RANBRESWEHEREF T
B/INTH - et kBRI EREEY, Pafizek®®
A957) o x>V ED Cd o FTHRET
HERINLEHLOBLRBRE T, EHLORH
LEBEOBBCH Rk Y R TbORLE
T, Fhik, TE7rFHvORTvIFLr Y
AB TS ERES HIRELEL EXL T
5.

fek, Cd e 4% fgHEH & LT BAL
2 EDTA HEMERIh w5, HlxE Te-
pperman®® (1949) #FEHIKE Cd ZFKREIC
5%, BAL kX 5 0, BBEASMOE
BaE2e L, BAL % X BAL-Glucoside %
Cd oM 3 LAB<TWS, Tib
% BAL cixR+ & Rb~o S £ b,
BAL-Glucoside ¢ixE & LT RFANDOHEHY
ks E¥hTw5, £0K BAL tikB#H
@0 Cd BERZEM T 5, BAL-Glucoside
TRBERE,. ¥, MhoBae b, MNE
RNOBREREI LTS,

Cd oEBEALficH T2 Zn OFBY S e
WERZRY O WO T, EEOERERY Te-
pperman ® BAL kX 5bD & K LTH5
L, EFBcrk In HE5c Cd GHEL ¥
LTw? &k BAL b e FBE € b 525,
BAL ki 5 Z & K FWHINTikisy, Zn
ik 5 Cd Hetic 4 5 8 oW TIRE L
Tuwishas, Fibo X 5wk BAL, BAL-Gluco-
side #4., BHcHFoRsc k- T, Cd DR

RHEE I L T B b ST, BH Cd B
BERihsiBZONTBEHELXRLTWS, Tihb
LEEBREE» DEbCRPHEEYT AT S
z Ry,

FFieowtik BAL #5 ¢ HEO BY % =
L, BAL-Glucoside ¥&5cik B % R Tk
WEREREOE AW, In BEOBERE
EZoBerlTw 5, /Mg cik BAL, BAL-
Glucoside Ar oBA bEEOWLERL, Zn
THEH LT 5.

—3%, EDTA #&ikc k3%t conwTii,
Friberg!® (1956) & X % & FKEic Cd E#Ik
M 1 %5 L, ch iR EDTA 25
5L, B, B, M, EoClEXZhENG
%, 31%, 18%, 10%e@WI L, HHFcEL
W, Xbic RehdEtE o #m 500 b &
LTwadeEWnw3, 715, x> BAL ®
EDTA X % Cd of#, HEkoZEBiCOW
<, BoRE,Cd o5, BAL, EDTA o
BRI &1 X o T—HI W 2 710181840
CrREELETRIAE LR,

Zn HHr ks Cd 0Bt s 5 E 0 #
i, MR s 53R RD 5 K%, ERo
BAL % EDTA #&HFo Cd oRE & HEC
Lotk s, EHAaboTRARW, Fefo
T ERHEBEOZVWERC T BP0
zEhbd, In THr k5 Cd HefkEdEm
LTCh32bDLEERINRSM, IRESZVDHO
TREWTHEAD, TORECDWTRIDER
HrETsLBbh s,

BHreonwTHBE, In EHIC k- T 1B
Cd BR1SKMMECEL, IIORHEETE<L &
> Twd, LELEELWLBEREOEETH
2, ADCMBERLRL, T InRE XS
T Cd B 5 oZEH I b X 0EENKTH
Bt WmCd BB Zn LR LFERERL
Ofc EXR B Dbk, cHOTER
wmCd Ea®AoErh & BIE FLW, B
DTREZOBPERL T 50 LNRBETH
o, Cd oEACK T2 HFED Zn i X 5MH1E
e, LT Cd o2, boRELH 2D
TRAEVWC LR RLTWS, @& Simon et
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al’® (1947) & BAL o E#HRC>wT, *
OBFILE K Cd OBRZFED S TREHTRT,
Zhix Cd(Protein), &\ 3{b&¥%, Lv#HE
P BAL-Cd-Protein &/t & 57 4E
HHELONDLL TS, ERfiiclsl,
Cd nMRES & KL LT #Ex Bt 32k
D, R R HD L CERIEERIRE L A
OEBIBEEL RIEEAR D LD S L b 5.
¥iediie Cd ot SHEME S5 & 3h
T35, % Cd & SH EZoBme, *~
g @ Cd-Protein #& o % cificdt 3 % Cd
OBEMELHE LB RVE LT, PaFizek®®
(1957) d 58 /170 SH EREEHI < b 5 HILKE T
BHREEINRL W xRS Cd oBAITH
TormtEe SH XL OBREEEL T 5.
By e x A RBEHREACHET S L, £
RIS, AAWKE L bICEE I EE S
RCEHEF LRSI, feoT+5k Zo o
RETFE R OBBBRIE LRI ROKHELE 2
b, ¥ BRCEBE BFofhc b Eig
Eo ZoNEEh s, chbDz LAERE
BRE L Zn EELEBEEKY b, ThwB 2 %
TR LT 592 Pa¥izek (1960) 1k z D
LLHCOERER,” S, Zn & Cd & OFR%
vitamin & antivitamin OBREMH I ¥, X
Dlcfirk, EREEBCEREERS 50 THEE
Wicd EhTnw3 Zn & Cd B &Ehbdk
BICEEND Db s b0 L RBEEHEIZL T
%. —7 Keilin and Mann?® (1940) #3iREE
Bk EEEREMN Zn % 4 Iy metalloprotein,
metalloenzyme T& % & g/ CEHEL, HKAT
1+ dehydrogenase, carboxypeptidase, urease,
alkaline phosphatase 7r & @ BEENIGLE, Zn
DEELFELEL T LRI T
5. ULirLiepih, WRCHFET s EHOER
CoWTR, MBRBTH- T, FEHEOTR-
7z Cd-Zn HEHIEROER Ty Cd 0EHICH
THERALEHL L2 k.

¥ /= Pafizek 1% testosterone BEEBR
5, Cd I X HEMEBROERERIEE L LTa
AEVRIBICLDELTW AR, BRI
TR EENERD BEHE LR XTn3

(BT, T7abbERR Cd oEEOERHY S
O, BIHREREER & MEERY, BEIEA,
RERCHEERY > 20k s, EE0
KR 33T Zn B2, HiEo 19Cd
BERBRLRL, BEA, BEERcREED
BYHBETNEDIEC DT & &A% O
ERTHDTHEEInEEL S,

&k Zn 5 Cd o2 ET R0 & IRE
LTW2D TRV EHER U2, Hbnkc
Bera k9 Lo 5 BAL, EDTA » 5%, *
s Cd oA est+ s ERELEIELES 0
PENERIL, bL, chbnEIELERW
EFiuE, EEELR Cd & SH (0 BEGE0E
Feitie, Cd L4, Cd & Zn 0 BEERY X
LIZRHFRENALDDEVWWIBTHESD. LD
T Cd & Zn o HEBRICOWTREK D
BoHCINTen, RBRBRCRFEYETS
ROEINTws, EFEEL cOE»bEBEX
THZLICL - T, MERIDEZOBF M
CINLHREERE LD EELBNS,

vV & B

D vexX30 ETFTedED Cd ExEg
THeE, BHLBIVCEMRD BEERLVGED
<, B, WTES, RWiEoEm BoRpdi
o, AEOEIEFEHPHEZE L b on
THHED LN, s, Cd EHFE L LB 2 R
T2 b DI bE UBLRR bh .

2 veixX 1o KT 2B Cd 2 R
i MO whz, 18 BRI, 90 B%OE
L, BISZRR, CREENR, B2, B, iR,
fifi, B, O, B, B, NE EORRE 15mCd
BRI nCd BEE Zn ERE5C X 5 EN
OB LRI L .

i) o 5nCd Bk HEE ©0.07 %~
0.1% &, KR, M, B OoxhicE
{y In BHETHELE S Tn

i) FFreid0~50% & EERCEF L, Ub
B, BaBRE) BO 260 ENCRNTWS,
In 5 CHEEY %, BTrEmERAD 5,

iii) #io "2Cd BERHRE & F & /D
0.05%) ©, *hxle3+3:RBRAOFRINL
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100 7 b, BHREEEOFLIL B TL40,
umCd Bl i, iR, LB IU0Bo
Thikk~x3, 4, 58IUV88THSH. D
L Xxo Cd mERCR L THRENRBEMELE
THZEERLTWBEEZ S,

iv) Zn &5 x5 =Cd BED EfLx 2
ATRBAD ONF, BENERCRAIER, BER
CEEOHE VLR B oHisziR Tk 21 28 7
V.

hOFERTRBOINEEOHME S, fil
B L, zoFEEOZRM, B, O, B,
NETH 5.

(AR OEEFBFBIFEILO I TfTebh
o 9 M ATEE LB TAR L. )

(FBE) e, A%~ BB B EUR
CEEOHELYRT L &b, HfE, HEEL I
FEN TR = ERBNEEE, WO B ERINIER OE
BRICHE ~ M, WBR TR AEHE 1 I K E R

MR TS
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